Histological studies on the innervation of the eyelid have been reported on by a few authors in the past, but imperfect staining methods available to these authors prevented them from achieving noticeable results. Quite recenty, however, SETO (1953) and SUZUKI (1957) have conducted very minute studies on the eyelids of man and dog, respectively, and succeeded in throwing much light on the probelm.
The present authors also were given the opportunity of studying the eyelid of an adult Formosan macaque (Macacus cyclopis).
Our materials were first fixed for a long time in 10% neutral formol solution,
The numerous preparations thus obtained were thoroughly examined under a microscope.
Herennder, we will report our findings, discussiug them from the viewpoint of comparative histology.
I. Individual
Findings.
The eyelid of a monkey is not different in its essential structure from that of man, but of course the eyelid of Formosan macaque shows some peculiarities specific to the species. As the histological structure of an organ is always closely related with the nerve supply, especially, the sensory nerve supply to it, we will first speak on the histology of the eyelid of the macaque, before going into the details on the sensory innervation of the part.
The epidermis of the skin part of the eyelid of our macaque was a thin 4-5rowed hornified stratified flat opithelium and the papillae growing out of the corium into it are also ill developed ( Fig. 9 ). Passing over into the posterior edge of the lid-magin from the rounded anterior edge, the epithelium becomes gradually thicker, soon turning into a stratified flat epithelium of more than 10 rows, but its hornification becomes less perceptible (Fig. 3) . Since the basal cell layer of the thick epithelium here consists of elliptical nucleated cells, as in the skin part, this epithelium can be easily distinguished from the stratified cylindrical epithelium of the palpebral conjunctiva with a basal layer of short cells. Thus, the marginal part of the eyelid of the macaque is lined by a very thick 637 epithelium, but it is to be noted that the subepithelial connective tissne layer is comparatively thin and the papillae growing out of it into the epithelium are very ill developed, so that the boundary between the epithelium and the connective tissue shows little unevenness (Fig. 3 ), for this finding is quite at variance with that of the human eyelid (SETO 1953) , where the subepithelial connective tissue (propria) as well as the papillae formed on it are both well developed, and it drives us to the conclusion that this marginal part of the macaque is not well supplied with sensory nerve fibres, considering the established parallelism between the development of the papillae and that of the sensory nerves in the same part.
Passing over the posterior edge of the lid-margin into the palpebral conjunctiva, the epithelium suddenly changes over into a thin stratified cylindrical epithelium.
This mode of transition shows a rather wide difference by species and genera of animals. For example, EGGELING (1905) says that in Galeopithecus volans and Lemur albifrons, the stratified flat epithelium of the lid-margin passes over into the inner surface of the eyelid only for a short way and in Cynocephalus hamadryas still less. ADACHI (1906) says that in Hylobates lar, the transition is gradual, but in Chrysothrix sciurea and Lemur mongoz a neat boundary is seen in the vicinity of the posterior edge of the lid-margin, while in Hapele rosalia, the tarsal part of the conjunctiva is covered all over by a non-hornfied flat epithelium, a cylindrical epithelium beginning to appear only beyond the proximal border of the tarsus. In Macacus inuus, the transition is completed near the posterior edge of the lid-magin, but a little innerwards, the eppithelium begins to lose rapidly in thickness down to about 3-rowed stratified flat epithelium and then speedily passes over into a stratified cylindrical epithelium.
Next, in our specimens from a Macacus cyclopis, the further details on the transition between the two epithelia was as follows: The very thick stratified flat epifhelium lining the marginal part, upon passing over the posterior edge of the lid-margin, abruptly thins down, but the surface epithelial cells become taller, while the cells of its basal layer become lower. Thus, a 3-rowed cylindrical epithelium comes into formation. The superficial cylindrical cells in this part have been already described by KREIKER (1935) and are somewhat different from the cylindrical epithelial cells found in the alimentary canal etc. in that they have an ellipsoid nucleus elongated in the direction of the major axis of the cell body and are mingled with goblet cells in their layer. These goblet cells are very numerous here, one of them being found between two cylindrical cells on many occasions ( Fig. 4) . In our monkey specimen, a rather conspicuous transverse groove was found running just beneath the lower border of the tarsus and parallel to the lid-margin ( Fig. 1) . ADACHI (1906) named this the sulcus subtarsalis and assumes it as specific to monkeys. Now, the above mentioned stratified cylindrical epithelium passes over this subtarsal groove up to the inside of the lower border of the tarsus,
where the cylindrical surface cells become again flat and the epithelium turns into a thin stratified flat one apparently free of goblet cells ( Figs. 1 and 2 ). The cells in its basal layer, however, are not changed in form and the superficial flat cells do not show hornification. That is to say, even the stratified flat epithelium in Innervation of Eyelid etc. 639 this part does not lose the characteristics of a conjunctival epithelium (KREIKER 1935 , VIRCHOW 1911 . In the parts beyond the lower border of the tarsus, the superficial flat cells again become cylindrical and many goblet cells reappear. The mode of transition described above is very similar to that observed on the eyelid of Macacus inuus (ADACHI 1906).
As above, the tarsal part of the conjunctiva of our monkey is mostly covered by a stratified cylindrical epithelium, but a thin stratified flat epithelium, as found on the inside of the lower border of the tarsus, is observed insularly in some parts. The propria mucosae beneath this thin stratified flat epithelium is very thin, so that the impression is given as if the epithelium immediately lines the tarsus (Fig. 2) . The propria mucosae of the palpebral conjunctiva is formed of a loose connective tissue rich in free cells and in the tarsal part is very poorly developed. This finding suffices to suggest the poor development of the sensory nerves in the palpebral conjunctiva.
Passing beyond the tarsus toward the fornix, the epithelium grows somewhat thicker and the propria also forms a considerably thick layer. Here, the epithelium forms many depressions facing the propria and the so-called papillary bodies are formed here and there. Lymphatic follicles are particularly conspicuous in formation in the fornix.
The descriptions on the tarsus have been rather interesting in their diversity. ZIETZSCHMANN (1904) reports that the eyelids of domesticated animals are pro- only the lastnamed monkey had tarsi in their eyelids. This discrepancy seems to be due, as ADACHI (1906) has pointed out, not to a discrepancy in objective findings, but to the unestablished definition of a tarsus, that is, of the lower limit of the development of the dense connective tissue around the MEIBOM's glands for constituting a tarsus. Thus, both the authors have equally examined the dense connective tissne around the gland, but EGGELING opined that the canine eyelid lacks in tarsus, because this connective tissue is ill developed and not sufficiently differentiated from the neighboring tissues, while ZIETSCHMANN advocates the existence of a definite, though ill developed, tarsus in the eyelid of dog. More recently SUZUKI (1957) also affirmed the existence of a tarsus in the dog's eyelid.
On the tarsus of monkeys VIRCHOW (1904) and ADACHI (1906) have published their reports. According to the former, a tarsus is found in the middle part only of the upper eyelid but never in the lower eyelid of apes. ADACHI, in his minute studies of the eyelids of prosimiae and anthropoidea, found distinct tarsus in the middle part of the upper eyelid of anthropoid apes alone, while in the eyelids of the prosimiae and in the lower eyelids of the anthropoida, he saw the dense connective tissue plate surrounding the MEIBOM's glands ill developed and not very clearly distinguishable from the adjacent tissues, as was in the case with dog's eyelids. He concludes, however, that such ill-defined plates of dense connective tissue too might be as well called tarsi.
The tarsus
in the upper eyelid of our Formosan macaque was found very definite in the middle part, as described by ADACHI, but on both sides of the eyelid, According to SETO (1953) , the human eyelid is rather rich in sensory nerve terminations.
That is to say, the tarsus enjoys the function of a receptor in the eyelid, too. Consequently, the development of the tarsus must be closely related with the abundance of sensory nerve supply of the eyelid. Thus, it seems highly significant that the tarsus should be well developed in Primates but worse developed in the mammals of the lower orders.
VIRCHOW (1904) Two or three rows of eyelashes were found growing on the anterior edge of the lid-margin of the macaque. The hair follicles of these eyelarhes are very powerfully developed, as are also the sebaceous glands. ZIETZSCHMANN (1904) claims the existence of mm. arrectores pilorum attached to the eyelashes of domestic animals, but as already denied by ADACHI we entirely missed such a finding in the eyelid of our macaque. The MOLL's glands of the macaque were less abundant than in man and more simply formed. The m. orbicularis oculi and the m. ciliaris (RIOLANI) were found rather well developed but worse than in man, and the boundary between the two muscles was not very definite.
A rather large abundance of sensory fibres were found distributed in the eyelid of the macaque, but in number they were much smaller than in the human eyelid, especially in the lid-margin and in the palpebral conjunctiva. Namely, whereas in the human eyelid which has a powerful papillary formation and a well-developed propria the sensory fibres and their terminations are proportionately well developed, a large number of very complexly formed glomerular or ansal terminations (SETO 1953) being found therein besides the common simple terminations, in our monkey specimens the subepithelial connective tissue as well as the papillae are much worse developed, and accordingly the sensory innervation is much less powerful, the small number of sensory terminations here consisting in nothing mere cemplex than unbranched or very simple branched terminations, which mostly originate in middle-sized myelinated fibres and have terminal fibres showing not much change in size during their much or less winding courses and slowly taper-ing off into sharp points just beneath the epithelium (Fig. 3) . None of the fibres were found to run further up into the epithelium.
The somewhat thicker propria mucosae of the tarsal portion of the human palpebral conjunctiva contains besides a few simple branched terminations, some very small-sized glomerular terminations (SETO 1957) . In dog, however, the propria in this part is very thin and contains a smaller number of sensory fibres and only unbranched terminations of them (SUZUKI 1957) . Now, in our macaque, the development of the propria mucosae stands midways between that of the human and that of the canine propria; so the development of the sensory fibres in our specimens was better than in dog but lower than in man. Namely, only a rather small number of sensory fibres and their unbranched and very simple branched terminations were found distributed here, no such complex types as the glomerular tesminations as found in the human eyelid being ever discovered here.
In Fig. 4 , are shown some unbranched and simple branched sensory terminations found beneath the epithelium of the tarsal portion of the palpebral conjunctiva of our macaque. These terminations are formed by medium-or small-sized myelinated fibres, and have terminal fibres running a short way along the underside of the epithelium to taper off into sharp points. In this figure we find the sensory termina- A rather large number of very peculiar branched sensory terminations are found in the tarsus of the human eyelid (SETO 1958) , while branched terminations are present in the tarsus of dog (SUZUKI 1957) , showing a terminal mode much simpler than in man. As already mentioned above, the tassus of Formosan macaque stands nearly midways between that of man and that of dog in development, and accordingly, the sensory terminations in the tarsus of the macaque are better developed than in dog but worse developed than in man. In nearer details, the terminations in the tarsus of the monkey are usually of the branched type, but their terminal fibres are somewhat inferior in diameter and the complexity of their courses to those in man. As exemplified in Fig. 6, a As the eyelashes are well developed in monkeys as mentioed above, their hairfollicle necks are always provided with hair-nerve tubes (SETO 1942) . Consequently the sensory terminations therein are also considerably well developed, and are mostly of complex type. They always form either fence-like or plexus-like terminations or circular nervous netwerks do those in the hair-follicles in the lip of this macaque (YAMAMOTO et al. 1958 ). The fence-like terminations (Fig. 7) are here the most frequently encountered hair-nerve terminations among the 3 types, unlike what we found in the case with the common sinusless hairs on the lip of the macaque, and are more complex in shape than the latter. Here, several stem fibres running into the hair-nerve tube branch out into more than a dozen longitudinally and parallelly running branches of varying size which show more or less perceptible expansions or swellings due to a looser arrangement of the neurofibrils in their peripheral parts and end broomwise. Mutual anastomosis of the branches is not rarely observed.
In a plexus-like termination, as shown in Fig. 8 , the nerve branches show no regularity at all in their arrangement. The branches showing very frequent change in size come into repeated mutual intercrossing and anastomosis and form a bush of utterly irregular comformation. In such a termination too, the terminal branches show fibrillar expansions here and there.
In a circular nervous network, the nerve branches always run circular courses inside the hair-nerve tube, sometimes coming into mutual anastomosis and forming a network as a whole. In the plexus-like terminations above and these nervous networks, we often found terminal fibres ending in sharp or blunt points or in club-like expansions. Sometimes a termination of either of these two types is found coexisting with a fence-like termination in a follicle neck, while some fibres are found communicating between the coexisting terminations. Generally speaking, we can say that the sensory terminations under the eyelashes of Formosan macaque are somewhat simpler in form than those under the human eyelashes, but more The sensory nerve distribution to the common hairs growing on the palpebral skin is much poorer in development in proportin to the poor development of the hair-nerve shields in the follicle necks there, enly very simple sensory terminations being found here, as in the case with human eyelids and utterly unlike to that in the dog's eyelid (SUZUKI 1957) .
In the skin part of the eyelid of this monkey, the papillary formation. from the corium into the epidermis is very poor. Therefore, the sensory supply to the stratum papillare is very poor, as in man, only a very small quantity of slender myelinated fibres being present, and the terminations consisting only of the simplest types, i. e., the unbranched and the simple branched. In Fig. 9 is illustrated a comparatively well-developed simple branched termination. Such well-developed branched terminations, however, are of only rare occurrence here. Their terminal fibres do not show perceptible change in size, and end sharply just beneath the epidermis.
In the last place, we will describe the very peculiar epidermal receptors found in the eyelid of monkey.
In the skin part of the eyelid of monkey, the thin epidermis was found protruding into the papillary layer of the corium and showing marked thickening (Fig. 10) . The papillary layer beneath such areas of thickened epidermis is very rich in sensory terminations.
As shown in the figure, 3 or 4 medium-or large-sized myelinated fibres are seen running into such a part of the SUZUKI (1957) in the eyelid of dog. More recently, YAMAMOTO et al. (1958) have discovered such receptors in the lip of monkey. The receptors we found in the eyelid, however, were larger in size and comprised more sensory fibres than those in the lip of the macaque. Thus, it has been clarified that very peculiar receptive aparatus are present in the haired skin, especially, the skin of the eyelid and the lip of some non-human mammals, through the works at our laboratory.
II.
Summary.
In the skin part of the eyelid of Formosan macaque, the epidermis is thin and the papillary formation into it from the corium is poor, but in the lid-margin, the epithelium is a very thick non-hornified stratified flat one. Unlike in the case with the human eyelid, however, the papillary formation into it from the propria is not perceptible here either.
In the palpebral conjuuctiva, the epithelium suddenly turus into a thin one of 3 layers of cells, of which the epithelial cells of the surface layer are cylindrical, but those of the basal layer are cuboidal and somewhat flattened, and consist in the so-called conjunctival stratified cylindrical epithelinm. Among the cylindrical cells are found commingled numerous goblet cells. The stratified cylindrical epithelium passes beyond the subtarsal groove (ADACHI), but when the level of the distal border of the tarsus is reached, the superficial cylindrical cells become flatter, so that the epithelium comes to take the form of thin stratified flat epithelium.
But soon the form of a typical cylindrical epithelium is regained, but in some places insular patches of stratified flat epithlium are still visible.
The propria mucosae of the palpebral conjunctiva covering the tarsus is very thin, especially so beneath the stratified flat epirhelium. Upon nearing the fornix beyond the tarsus, the palpebral conjunctiva consists of a thicker cylindrical epithelium and a rather thick propria, lymphatic follicles are found in the propria and papillary bodies formed by depression of the epitheliuin are also in existence. The tarsus is well developed in the middle part of the upper eyelid of the macaque, but is indistinct on both sides of it and only poorly developed in the lower eyelid. The MEIBOM's glands in the middle part of the upper eyelid form two groups, the one of those very well formed near the lidmargin and the other of the secondarily developed long but thin glands extending upwards toward the upper part of the tarsus. Two or three of eyelashes are found growing on the anterior edge of the macaque's lidmargin. These have very well-developed hair follicles, their sebaceous glands are also well developed, but no mm. arrectores pilorum can be seen here. The MOLL's glands are much simpler than those of man, Innervation of Eyelid etc. 649
The eyelid of the macaque is rich in sensory fibres but are much scarcer than in the human eyelid, especially in the lid-margin and the conjunctiva.
Namely, in the lid-margin of the macaque, the development of the sensory terminations is as poor as that of the papillae there, nothing more complex than unbranched and simple brancbed teminations being found here, not to speak of the special complex terminations as found in the huma eyelid. The sensory supply to the palpebral conjunctiva in the macaque is more abundant than in dog but less full than in man, no small-sized glomerular terminations but only a small number of unbrached and simple branched terminations being found there. Somewhat more complex branched terminations, however, are not absent in the conjunctiva near the fornix. The tarsus of macaque was found to stand midways between that of man and that of dog in development, and its sensory supply was also more abundant than in dog but poorer than in man; comparatively many thick sensory fibres were found runing tnto the tarsus of the macaque, but their branched terminations, though often of rather complex tvpe, had only thinner fibres than in man and showing little change in size during their courses. The follicle necks of the eyelashes of the macaque contain onlv hair-nerve tubes (SETO), so that the sensory teminations therin are rather complex in form.
These terminations are of the fence-like, the plexus-like or the circular nervous network type, of which the first-named type is most prevalent.
The terminal fibres of this type, after undergoing fibrillar expansion, end in broom-like tips. In a plexus-like termination, the terminal fibres are arranged utterly irregularly and mutally intercross and anastomose here and there. In a circular network termination, the terminal fibres run circularly and, by frequent anastomosis in their courses, form a network of nerve fibres. In the terminations of the plexus type and the network type too, fibrillar expansions are often observable, while terminal fibres ending in sharp or blunt points or club-like swellings are not rare either. The terminations of these two types are found in most cases in coexistence with the fence-like terminations. The hair-nerve shields of the common hairs on the skin part of the eyelid of the macaque contain very simple plexus-like terminations, while only unbranched or simple branched terminations can be found in a very smal number beneath the epidermis in this part. What is of high interest, however, we found some apecific epidermal receptors in the skin part here. The skin in this part consists of an epidermis showing marked thickening protruding into the corium and a papillary layer very rich in sensory terminations beneath it. Rather complexly formed terminations are often found here. Such receptors are found in the eyelid of dog and the lip of the macaque too, but the best-developed of them are found in the maca- 
